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55.0189 

A BfEEHOB AND APPARATUS FOR CX>MFLETING A WELL FOR 
PRODUCING HYDROCARBONS ORIHE LIKE 

The mvettion relates to the field of petroleum service and wappfy indutfriei, and more 
perticulariytDc anylcimgw dbiyi^^ 

Whife dtiOis^ tt taldi^ plaoe^ the integrily of a weS is 001^^ of dcnsit/ 

that needs to be aiQimed 10 that the iydiv^ 
fiom tiie fiMmadoiia wldle rinultaiieously tvoi^ 

firacturing them. When the drilled dqrth exceeds a certain vabie. the pressure diflferaace <hw to 
the diSftreooe in deptt tt such that h is no loi«er posaUe to fia^^ 
peifbiniiv iu fimclioD over the emire kflgdi of the 

is necessary to Bne the hole wHh metal casing. For this purpose, a oertatn number of casing 
tubes are placed end to erui and lowered down the well, and are fixed to the wall of the wcU by 
cenmtfii\g. Thereafter, driffiog can contmue down to the next crit^ 

Each nevidy-driDed kqgKfa fflim be Snad with cash^ 

pass thfoi^ the casiiig that is already in plaoe at daBow^ 

staircase stnicture widi a hole that b Urge at the top of the wdl and much narrower at the 
bottom of the well Such a oonfiigtfratioa is fitf finom optimd: a hurge hok at the 
that diilQng ttme must be wasted in a ru>n'prodiicuve zone; whereas a narrow hole in the 
usefid zones docs not fivx production by good draining of the formation. 

Wone stiQ, it o^ happens that the hob passes through uoeiqiecKed erit^ 

boring hu readied a cridcal depth. Sudi critical zones may, for example, be veins of very 

friable rock or "podcets* of gas whkh, even though they are usually very locali^ 

major sources of danger both fw the weQ and for the work force cm surfiux. Under such 

drumstaneo^ die only sohitkm b often to cement these aones by putting cmg into ptace 

nnme^ately.tfierdiy further redudag the size of the holc^ iriadi can lead to « wdl bdng 

abandoned if fiirdier dfiEcult zones are encountered as drilfir^ eontimict. 
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It ivai iho »f iiK^fm'Y'^ thif it ii vety tMBcuk to rewuf dumged oans ty in«t«lBi|g new 
ciang. whhout findier ligmficinlly it^^ 

pievcnting peactrnion of certvn tooU or itom rf eqai|»iait that nqr be BMded in die 
production zones, fi>r example. 

Over the last few yeara, the indiiitry hu devdoped new technique* of O)^^ 
completing tbeo teopofirify. ao u to minto 
downhole diameter of the wefl. 

P nyffinff th,n liMB medaio UM a ccinDorite materiil compriang an capand rf i lc doth 
^ fiiM« tmpmpmed vnth iw-po>wneriied epoxjf rem and hwmg a nftbcr 
nembrane covering its outride fice whidi u directed towuds the waB <^ 

appropiiate laying tool, the membrane is applied ag^ the waB of the hole or a damaged 

portion of caain^ and the reito is canted to pc^meri» by bdng heatet The mrin *ffi<^ 

that tedaiiiue it that it rejpnrea dertifcal power of a« Older 1000 watts p« Ih^ 

dus EiiAing it* appBcatioa tP treatiiv xoM diat aie fdaMsr *hoiL 

of viftetic material cannot cooititute a 6nal le^laeeinent fcr n^ 

be capable, to paitodar, of wlhitaading treatntais bated OB ttmag aeidt or 

that are pertieuiafly coinwve. 

US Patent S 34« 095 piopoaet malneg ca«ng out of a oonfinuous tube of dnefle material 
c^«We Of withttandmg laige amoimu of plastic de&mialion. The tn^ 
corneal tool, and k can optionally be ecmeniel However, expamion of *e ti*e b 
weoivaiM Iv e nduetioa to the total Iei4« of the lidie, and Ois can 9ve rise to fan^ 
prebleiM at the endt. Rntheinorci the pitaauie leq^ eiqjanfieg the t^ 

OS Patei* 5 3«6 012 piopoaea a perfwated liner provided wth ovedipptog loB^tudi^ 
A imadrd hawov a large diameter that b re^er than the inside diaDMter of peifti^ 
finer b used to exp«id the wrf of ihe Dnrr and the oiifeei become larger. Fiber^einforeed 
eement can Aen be cast on dte aide of the Ebct. and once the cement has act, Ae inade of 

the iner b boied epin. thereby leeving a casii« of fibio^xmem that b remC^ 

reirfbfcenient The need for fimher boring after oemcming eomtinitea a naiof drwibadt of 
that todmque. In adaption, to the abovMnentioned case, the preswre* re<p^ 
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the tube are quite high and the final length of the finer is reduced. FmaUy, the iloCs imtst be 
pierced b compliance wth veiy predse spedficattom; ^Mdk leadt to a maou&cturiog cost 
diatialngh. 

An object of the preaent invcntkMi u a novd type of expandable casing that does not preaeot 
the abovMuntioned dntwbackt of the ait. 

AfiCordii« to tte iiivcotioQ» this dtged b achieved by a finer tar oomplrting a hole in an 
imdeignxind Ibrmation^ die Eacr bcmg oonstitttted by a apira^woiind iti^ ^ spkal ctdsi- 
tectba, ks longmMfinal edges having complementaiy toiicfamg profiles sucb that after 
cxpanaon the finer IS droular m section. 

To complete a wdl» the spiral tube b lowered to the bottom of the hole and itt walla are 

spread by mesns of a placen»ent tool, eg. a conk:a] tool, so as to place the 

a toudnng position where they form a cyfindtr. A closed oontimious liner is thus obtafaied 

which can be cemented in conventional manner without the ccnieat invad^ 

liner, and thus without there being any need to bore insde the cssmg. It dxmld be observed 

that tbe s|»ral-wound easily of die inratfioa is paitioui^ 

hori»N«al or rauld4atersl, given its amafl dbnwter in its contracted state which lends itadf 
wel to bciivr installed h natfow welb or in wdb of tng^^ 
traditional casu^^ s^^ments* 

Tbe finer of the invent is also well adapted to provisonaOy coo^letu^ problem smes. In 
any event die hole optional^ be enlaiged in the di£Bcult zone and a ^iral liner whose 
ffiameter after expansion is dose to die diameier of die hole befbce edaisement may dien be 
put into place and oeaaented. Thereafter^ diilEng can coitfinue and die entire 
the gone that has aheady been computed, bsubseyicptly c om pleted in conve 

The qnrd easily of the invetition can abo be used for repatrii^ cssiog tl^ 
snce the outade tfismeter of the spiial casing after expanson can ^ 
very sfighdy less the inmfo fiameter of die casing diat b already m ptaoe. 

The spiral-wound strip preferably has chamfered lot^tudinaJ edges that define contact 
surftces whose general direction lies m a plane which forms a non-zero angle rdative to die 
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kntghudintl ladf <>ftiie finer. Abo 

to provide mcchiiw^l cngagemcm ai * predcle^^ 

In a more partiaibriy prefeircd virianl of Ac imwtion. the liacr u drtiined by colKng up t 

itrip ibom ea ixU that « at t ccrtm «ngje reb^ 

wch cbxamistaiicef. when Ae finer b m 

hdx around Ac cjfimter. If the peiwd of the h^ 

figure b iMabed wiioie fciigA b not aM 

The filler ctf the inventkw can be wound fcn^^ 

coiled vMng^ In order to conqtoc sectioni that are of great kogA, it b pojAle to wdd 
together a phinJi^ of shccti. either dining mamiflu^ 
using the coiled tubing technique^ or ebe directly on Mte^ 

The liner of the invention am be made of metal, e^g. itcel or any other matetbl having the 
desired degree* of etesticity end pbfttcity. It ihou^ 

b sdected. and providhig k has not been cemented, then the finer of the invention can 
optional be renioved, thu niikii« teociporary pbcen^ 

OAcr and «dvanti«eoua chitacterbtics of the invention appear fiom Ae Galiowing 

descr^on ghm vviA ffefisrenoe to Ae figures, in which: 

Figure I b a iBaffammadc view of afiril eiifcoifiRi^ 

after expansion, shown m peispective (Figures la and lb) and m end view (r«ures la' and 

W); 

- Figure 2 diows an eaqMmsion tool; 

• Hgure 3 shows an cttmpte of mecbwical cngageinent usii« 
3d) and shows various pro^ for such toothed edg^ 

• Figure 4 b a pefipecth« view of a finer m th^ oontnw^ed ft^ 
wiA toothed sections; 
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- Figiife 5 shows a tmer of tiie invoilkm hiving longitui&tt] edges consthudng a double heSx, 
seen in penpective in the contacted state (Figure Sa). after expanaon (Figure 5bX md in 
longitiidinai section (Figure 5c); 

* Rffum 6 shows an cxaiiiide of teoiKmy oom^^ 

* Flguie 7 Shows a typical sequence fbr om^^ 

* F^gufo 8 showi t vsflam <rf^a fina* of the iovcotioa that 
screen. 

The GoncepI of the invcotioa it shorn in F^pn 1. A sti^ 

(Figures la and la") with ovtibp over an angle A. After cxpansioi^ the finer b ctmilar in 
secdoo end hs loi^gHudinal edges come into contact to constitute a dosed pei^^ 

If the winding follows an Aichiniedeil' qAal, then wri^ 

De for die pseudo^fiameter of the ipffal-wound ib^ 

the dSanoeter after cxpauton is i^vca by die ft)lb«QAg eipit^ 

where A, the oveilap ai^ n expressed in nuBans, and where die 
expressed in die sszne units. 

With an overiap of 90* u shown in Figure K * liMr hnnQg an outsde fiameier De of 17.8 
cm (7*^ and a thickness of 9 J una (3/8 of an mch) b coiftacted 
(S.8d*^. For an overiap of 18(r» die expauioa is dose to 5094. 

By w^ of examphs^ the tod fiir fBcpsndmg the Bner of die tnvendon can be constituted by a 
double cone asseid)^ tt diown AagfanunadcaDy b Figure 2» havi^ 
bdi^ fixed to die end ofacoBedtiibe or c^a string ofiods» and a second end 11 ofAameter 
dndar to diat of the spiral-wound finer in the contncted state, thereby eoal^ die ^Hrat- 
wound finer to be poshed lo the aone whidi is to be completed. The oq wH i on tool abo 
tncHides an enlarged zone 12 of outside cfiameter dose to the Knkte diameter of the finer after 
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it hu beta expaided. Tlie ealBBed B»ne 12 b pwfeiib^ 

p«rt by reowu conttd ineaw Mch u pre"^ 
(rfnch awm u b ccmvcntwiial placmnt ^ 

givcB teelh » M to fiam * medumcd lock. A» can be leoi 
3d,atoodiBded8e,fattMCUe«nedgehr««tiatet«dh.canp^ 

11 nay ri» be obienwd tli« 4e toBgMbMl edget bwe a coi*«« •« 

dlrecdon O .Doweiowgleidilivetelheiwii-lto^ 
•ii^eftbo«t4S«,iad«o«gwwnylyfa»fatlierMg»3(rto6^ 

Otfcer vBimt toothed profiki ■« d«wn in Rg«e 3e. The 

or <» the commy, ttecreued. ind tt U iKwiWe to idect pf^ 

«juafe « u to Mhievc engigemei* thrt doier to bdng of the tenon and 

oftheexiinptoibown mFigHrtJ.thetoothededgeafclkwagea^ * ' 

certam mgle relative to the aonial to the toi(BMinri txb of the 
preftnbiy rk* o to ndmoiia «M fifctioo fofce» th« tend to opp^ 
eoopkBSBttiy portooi. Aa Aow m R(j« 3«, Ae eUi^ 
«l«ndh««eiiiiiil.wwin^ 

the edgei epBt T*b sepaiatbn fcree c« be BMDUited or ev« 
ihq»e of the teeth. 

The Ibieei Pa airf Pb v««eh ante fa loekiBg the finer « di^ 
,,«|e A of the Bmt fa the oortiacted potftioa Nte*«th*ut too 1^ 

, radM fbiee» 10 tta t bd«iee i»»t be fti«l belweeo the deriwi codBd^ 



The Ifa« U expanded fate the *ipe of a coiie of dm««ioi« th« depad ci^^ 

geometiy of the ipifd-woand finer and 00 ita elM^ 

angte of the co«cd acpiMkm tool. To fia* fticrion fiweea. rt 1^ 

■n ««paa»on tool oooitfaited by a eooe whose apcK engte b eloee to that of tte 

ocpandon oone rfthe spinl^wouiid finer. 
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Am shown mm piitiailafly m Figure 4, fhe ixit of the eng^8*"gm teeth fonns an ai^le B 
wiA the ode <rf the spinl-ivQuiid tube lU 
*natund* caqianwrn c(me ai«le of the bier an^ 

HgureS ihowB die moft paiiioiiI«^ 
otaiDed by roSog up t iti^ abom an nb Ott 
lynmetiy of ibe itiv. In cootnoted postion 
around Bner. After csvaoto Cngiae 5bX the tm 
whub helical^ around the finer. 

A paiticulaiiy advanU^geous aspect of tUt gecmetiy fies m it bcii« po»ble fbr expansion to 
be pedbnned willioot cban^ the X length of the liner. U, aa shown m Figure Sc; tiie 
*aanieterrrf<he finer aro written Do and Ik (wheteadeKfic oi 

the eootiicied ittfe and ndcx to the finer m the eaqiaaded atateX ia^ 

hdcdcuiveafiJfcwcdtytheloitfnidhial 

hefixh defined aa being the fetanoe measured rioiyttctenBitudTO 

two eoireqxmifiqg points that are one complete turn apart around the cyfinder of cfiameterDe 

(or De if the case m^ be)X tnd if the lei«jdi of a k)i]0^ 

a finer whoae total lei^ b X, it can be ahown Aat the ki^th L is equal to^ 



Xdoea not vary. 

With tUs double hefix cooQguratioa^ it sfaoidd also be dbserved ti^ 
finer ia ofttteiaM W. tfiea the diameta after cxpaorioo is 9^ 




and that oottsequently, if the tape is foUed up b such a 




then the IcQ^^h 
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Rndly, aaother comeqneoce of Ob* geomctiy U ihM iU poiatt ^ 
ia k plane pefpndkultf to the axU of the Kner during the c)^^ 
double helbc Gncr ue cut peipeadiailiriy to the loi^^ 
eodf win define perfect aides in pim tto Be iboBselw 

txis of Ae Goer. Tb fitpod&m is putieulttly ftvonUe for cnsming seaGng of dw 
owvleiioa at the ends rfthe liner. 



Figures 6 awl 7 are dii«r«iim»atk: and Aow two exao^to of eoo^^ 
wwwl Dner of the iBveotkBW it bdi« underaood thai these eK^^ 

way. 

In the ffflimp'* «hown in Figure 6, the spial-wound tube b used fiir c om plctiwg a a»e in 
tea^Kwaiy manner. In 1 «dl in deep water, Ae problem nuv be due to too sn^ 
between the fiiesuring gmdiem a«I the pressure of the ferinatk^ 
probleins associated, for exanqtle, with the presence of fonaations Oat are highly unstsWe 

the pction stalled b Ae art The financial consequences of such soM b gencnDy out of an 
propoftioa to thdr lci«di shice anticipatad oonpletioB diemif lequ^ 
on an extie oocasioo. ihtxeby ledudng the Aamcter of die hole. 

The weO has been drilled and easii« hu been installed fa Its upper portion I. 

coiitinued beneath the caang d»e 2 to piai» a hole 3 that is sJmandany 

b not eased, prior to leachhig a »ne 4 of length U wWch needs to be treated hnniediate^ 

pHgMie 6^. The dedsioa is tdten to proceed widi temporiiy complcdon udng a Bna of the 

hwenfioa A splrakwouBd finer 5 is pwhed towards die bottoin of 

conical expanaon tool 6 fnted at die end of a trfw 7. The expansioo tiAe tt 
move on (RgMie 6b) so as to spiead apart d« walb of die finer unlil dwy leaA a pred^ 

diameter (Figure 6c). Once die liner b in place (Figure 6d) die eiipansi^ 

die suiftce and die liner b cemented o^ finer ceoenthig techniques (Figure .6e). In die case 

ihown hew^ die finer b pnnnded «Wi openings 8 to eJtow eement to paw ftm 
die finertowards dm anwhis 9 which b to be ceneoted, howcrnr it b dear diat a I 

dweoouUbeuaed. 
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Ate cxpaonoii. tte ifwde diaaettf 
hole mzooeswfMre there are fu> drilling 
m the nm tlm reqidrai tRStmem ^ 
without tt^ need to driD Ihrou^ « oemeat^ 

iccoriinne whh the on^nal dfiUiqg pba tad wiAoiit any reduction in the SmMt of the 
wdL 

Ubdetrthitad£tioBal tods such uecentrifizercoid^ 
of the iiivcntio& Abo, the Sner is 

easi^dcfbmedaiidtbtttscttytodtiBCcg. ahinmmiX AcichygUMiPteeBy thattfiespiw^ 
wound finer is property oqiaiKled over its entire lei^ 

A 9l»cd sequence of tisiiig a spirri-wo«tttd finer of the invention 

is shown m Figure 7. Such an operation mqr be cnvisiged, Ibr example wiui 
fotmations that sre unstsUe or sandy. 

The s|nral-wouod finer of the invention is brought in die contracted state to a non-cased 

section of the reservoir 0%ure 7a) and it is then expanded by means of an expansiOB tool 

(Figures 7b and 7c). like aty other production finer, the finer of 

pietoed to aOow production fluids to pan tfaerctivoesh* wi as shown hi F|gurel» it b 

prefoab^ covered m a grid wfaidi be fixed thereto, e.g. by beng weU^ 

to ifanl wfauSng. The pid b preftraUy on Ae outride fi»e of die finer, haag towards the 

waD. 

U should be observed that die surftoe area of the roDed-up strip remuns unshcrad durv« 
expanrion so wefia are iiot weainoed by the s^ral-WDund finer of the fanotion be^ 
pbce and expanded. For the same reason, dm me and fistiftutioo of the openings provided 
fbr afiowiag the production fluids to pass can be selected in a manner that b entirdy 
independent of the (fiametera in the contracted state and in the expanded states Tin makes h 
possiUe; in {Miticubr, to obtain a finer ti»t b very stnmg in asiodition widi greater staMEty 
and logger fife of the weU. 
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For • horixootil wtll • VJil-wouBd liner rf^ 

cin be pbced vwy cloie to the ftwntfio^ evta In the 

olleiiiiottliecwwithieoiiv«lioiitf8iier*«iii^^ 

So long « it not bea cemeoted, » ipiiilwttri 

ipecal tool whkli the longhudinil ^ 

return to • «we "imlir to thrt of to hAW co*«Md «^ 

only flUr ievciil iiwAi or w «^ 
ictriiAv to dtstie propotie* over aidi a long period of time. 

The geometry of the rpinl-wound lin» of the inva^ 

productkm tt tow eo»L For extmple. ft U poesMe to we metri 

ttet are voided together) that ■« ptaeed m • predefined pitieriv e* Iv P««»^ 

rolto» or » hydTMiIie preii h»»li» • punch. The iongilu^ 

wrtimiously so « to them » toothed pidBe. end gride miy 

•long one of the loi«Mind edgee befi» vMidiBg Into n ipinL Fmilly. the itrip be 

tpW-wwmd diwcdy and then coied. either eonttow^ 



In genenik it « pw&r*le to piy OMt » Ener of the i«wei«ioo flom • red «^ 
once the eectioB to be completed it fc«g. end more reBride rinee eooneelioo. ire 

Newertheleie, It U equally poesibte to ido iner. of fcted fcog* end to perf^ 

zone by icpeatedly piadng and expanfing lengths of finer. 
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CLAIMS 

y A finer fisr ccmipledi^ t hde in an undeignNiiid fi)^^ 

tpifa]-wound strip, its tongitudinil edges htving oon^israentaiy touching profiles sudi that 
ate expand the finer U csroular in secdon. 

2/ A finer aoooRfing to daim l» disFacterisecl in that the lo n g ftudin a l ediges define n w)itfacf 

suffiue of general ^Siectioo D lytQg in n plane that fixms n noiHzm angle rdativt to the 
tot^Kfinal aria of the finer. 

3/ A finer aoeording to cUin 2, characteriind in that said Bi^ fixtn^ 
*D of the cootaa sur&oe lies in the ru^ 3(r to 6(f . 

Ai A finer aoooidiiig to any preceding damv cfaancterized b that the touching lon^iudinal 
edges have a sawtooA pfxsfilc. 

Si A liner according to any [H^cedSng daim, characteriyed in that the liner is (riitained by 

n)IEng up n stiip about an ans that is at a certain angle relative to the am 

strip. 

d/ A finer according to any preceding dain^ charactcroed in fliat it is provided with openings. 
7/ A finer according to dafan 6, characterised in that it is covered in a grid. 
8/ A finer accoixfing to claim 7, chanctedzed in that the grid is wdded on. 
9/ A OMthod of ooiBpieiing t hob in an iBidc^grQund fininatio^ 

b lowered down the hole, azid the ttr^ is opened untfl a drcular section is obtiiiied by means 
of a eftmcal plaoeciieot tool for ptittu^^ the loi^^tudtual edges Inro a touching positicwij 

W A medbod aooonfing to daim 4» diaractcriied m that it also indudes a ceoMnting 
operation. 

11/ The use of die method aocordng to ddms 9 or 10, for tcnyoraty completsoo of «mes 
that are depleted or unoonsoEdated. 
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12/ The use of the meClxid iceorfiilg to daa^ 

13/ Tlie Qie ofthe method of cliim 9 for con^^ 

14/ A lyBtem for complettng t hole in an imdergroiind fonnatioo, chtracterizBd m thit it 
indiides t Bner eccoidiDg to any one of chiros 1 to S and an cxpamion tool auitable for 
aplayiiv apart the lof^todinal edges und they take up a pos^ 
edgMo-edge* 

IV A. tool for wtthdrswii^ ft finer aocorcfii« to aiQr one 0^ 

means for moving the kmgitudiiial edges iqwt by a (fiameter greater tfiaa the cBamcter 
oon^ri^ to a cfacular secdoo awl eoafa&i^ ttm finer to dmnk so at to fdm to a spiial- 
5*rf%nfignrrtvw ftT a fBametef that ia imaD enough to enable the finer to be extracted from 

die well 



09/18/2000 18:23:13 page -18- 




Office 



ApfikatimNoi OB 9814066.8 EEanOmen JasoaOee 

CMmfscardtod: 1-15 DttetfMereh: 5 August 1998 



Pftiaits Act 1977 

Search Report under Section 17 



UK P«ent Office cnftoctfaint, fadndiiyCa, CT, wnAfKp«h^f pyi f^^ 
UKOOBd^F): E1F:PAC 
lBxa(JBA.f): EZIB: 17/00. 17/22 A 43/10 
Odicr: Online: WPI 



RormnrntgronftilmdtobenJevant: 





Idendqr of docmnqit tnd felevant passage 


Rdevnt 
loclaizni 


X 


(S2053326A 


(Iball, E, K.) eqmially see fhe fignfts and die 
abstract 


IAS 


A 


WO 98/07957 A2 


(Nobilean, P.) eapedaUy see Urn abstna and 
fignzes 




A 


WO 97/17524 A2 


(SMI Internatioial Research Maatscbap^ B.V.) 
espedaqy see die abttract and figqies 




X 


US 4501327 A 


(Retz. P.) especially see die abstract and fisnres 


14t9-t4 




An Exeomve Agenqr of clw Depmiiai of Tnde and Ind^ 
09/18/2000 18:23:13 page -19- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




